Heavy metals bioavailability, organic matter and grain size were investigated in the surface sediment of Sungai Puloh mangrove area using modified sequential extraction technique, loss on ignition and pipette method, respectively. There was elevated level of heavy metals concentration for Cd, Cu, Pb, Zn and Ni as high as 1. 46, 202.34, 225.47, 650.83 and 226.90 µg/g, respectively. High organic matter content was also recorded in the range 38.45-46.90%. Particle size analysis revealed that the sediment is sufficiently of clay texture (over 50%). Geoaccumulation index (I geo ), contamination factor (CF), pollution loads index (PLI) and risk assessment code were determined. RAC was as high as 50%. Very strong pollution (I geo < 3) and high CF (CF > 6) were observed. All sites therefore may be considered polluted (PLI > 1). Discriminant analysis, nonparametric Kruskal-Wallis test as well as principal component analysis (PCA) were conducted. Significant difference for concentration of heavy metals in sediment was obtained (P < 0.05) for Kruskal-Wallis tests. PCA resulted in the extraction of three components (F1, F2 and F3) accounts for 80.04% of the total variation. Anthropogenic as well as natural activities are the sources of pollution in Sungai Puloh.
Introduction
Mangrove ecosystems are the most diverse intertidal wetlands found in tropical and subtropical coastal system (Macfarlane et al. 2007; Marchand et al. 2011) . It is an ecosystem that could be referred to as ecotone (meeting points) between terrestrial or freshwater and the marine environment (Udechukwu et al. 2015) . It is considered the most productive terrestrials and therefore plays a vital role as a primary producer within the estuarine systems, providing foods for inhabitants (the fauna communities) (Zulkifli et al. 2012 ) and also adjacent coastal food web (Marchand et al. 2011; Zulkifli et al. 2014) . However, despite its immense economic importance, mangrove is one area that suffers serious environmental exploitation due to inappropriate managerial practices, ranging from unsustainable forestry, land reclamation as well as agricultural and aquaculture initiatives and many other human and natural causes (Macfarlane et al. 2007 ). Mangrove has the capacity to trap suspended materials including organic matter from water column, via sedimentation process (Furukawa et al. 1997) , and the affinity that organic matter which is trapped by sediment has with heavy metals makes sediment as not only a sink, but also a potential secondary source of contaminant in aquatic systems. (Bi et al. 2017; Chakraborty et al. 2015; Hu et al. 2013; Hussein et al. 2012; Marchand et al. 2011; Naji et al. 2010; Ranjbar et al. 2017) . Mangrove trees can be considered as "chemical reactor" because of their biochemical and physiological processes and also because of the role they play in sediment reaction that influences the mobility of heavy metals (Silva et al. 2006) . Metallic enrichment of mangrove environments may not only arise from urban and agricultural runoff, industrial effluents, boating and recreational use of water bodies, chemical spills, sewage treatment plants, leaching from domestic garbage dumps and mining, due to close proximity to urban areas (Marchand et al. 2011) , but littering and decomposition in the mangrove may also equally add to the bulk of contaminant enrichment (Morales-Muñoz et al. 2005) . Heavy metals are persistent, non-biodegradable environmental pollutants (Okocha et al. 2012) . Grain size and organic matter have been shown to greatly influence the distribution, speciation and bioavailability of metals in sediment (Chakraborty et al. 2014; Liu et al. 2017 ). The quality and quantity of organic matter, soil weathering as well as several other factors also affect the speciation, mobility and bioavailability of heavy metals in coastal sediment (Chakraborty and Chakrabarti 2006; Chakraborty et al. 2009; Liu et al. 2017) . Sediments are multiphase solids whose major components are silicates, sulphates, organic substances and carbonates, and hydroxides/oxides (Zhu et al. 2006) . Heavy metals concentration in sediment therefore not only depends on the level of anthropogenic activities or even natural causes, like weathering, but also the chemical composition of the metal and the texture of the sediment (Singh et al. 1999) . Finer sediments may contain more heavy metals than coarser one because smaller grain size particles have a larger surface area-to-volume ratio. Coarser particles may as well show higher concentration of heavy metals than finer ones in some instances, and the presence of coarse particles is possibly the reason for higher metal content in the coarser fraction (Chakraborty et al. 2014; Singh et al. 1999) . Physical and chemical factors are therefore some of the major determinant of heavy metal content in sediment where grain size happens to be one of them (Maslennikova et al. 2012) .
Sungai Puloh comprises small tributaries in the mangrove which extend down the coastal area in the mangrove and empty into the Strait of Malacca, one of the world's busiest shipping lanes (Udechukwu et al. 2015) . Manufacturing industries for steels, iron and paints, fertilizer and pesticides applications, auto repair shops, power plants and other anthropogenic activities contribute immensely to the metallic loading in Sungai Puloh (Udechukwu et al. 2015) . This research is therefore conducted to determine the source and effect of organic matter and grain size with respect to bioavailability and mobility of heavy metals in Sungai Puloh. It was also aimed to evaluate indices of contamination (geoaccumulation index, contamination factor and pollution load index) and risk assessment code.
Materials and methods
The study site, Sungai Puloh, is in the west coast of Peninsular Malaysia with a coordinate of (N 03° 04.786″, E 101° 23.903″). Five sampling stations (S1, S2, S3, S4 and S5) were selected for the purpose of this study. Using a plastic hand scoop, a total of 15 (3 per site) sediment samples were collected from the surface of the river into a clean polyethylene bags. The samples were put in an ice bag and transported to the Ecology Laboratory of the Department of Biology, Universiti Putra Malaysia. Upon arrival, the samples were stored for 24 h at − 10 °C. They were later oven-dried at temperature of 60 °C for 3 days and subsequently kept until analysis. The dried sediment samples were ground with an agate mortar and sieved through 63-µm sieve.
Analytical procedures

Total metal digestion
Total metal content in the sediment was obtained through aqua regia digestion. 1.0 g of dried ground and sieved sediment was weighed into the digestion tube. Ten millilitres of combined solution of concentrated HNO 3 (AnalaR grade, BDH 69% and HClO 4 AnalaR grade BDH 60%) in a ratio 4:1 was mixed with the sample in the tube. The tube was then placed in a hot-block digester and digested, first at 40 °C for 1 h and then gradually increased the temperature until it reached 140 °C for another 3 h. The sample was then allowed to cool before double-distilled water was added to make it up to 50 ml. The solution was then filtered using Whatman No. 1 filter paper into a dried clean polyethylene bottles (Andrews et al. 1989; Johnson et al. 1978) . Several others have adopted this procedure (Ismail 1993; Naji et al. 2010; Yap et al. 2003 Yap et al. , 2002 . From the literature, total metal content does not provide adequate information regarding the potential bioavailability and distribution of metals (Abollino et al. 2011; Swati and Hait 2017) ; therefore, from ecotoxicology perspective, although bioavailable fraction has always been a small proportion but significant from the total metal content, speciation of heavy metals in sediment becomes necessary in assessing the mobility and potential bioavailability (Swati and Hait 2017) . To determine the speciation of heavy metals and its actual concentration in the sediment, 4-step modified sequential extraction procedure first described by Badri and Aston (1983) and Tessier and Campbell (1987) was used (Fig. 1) .
Sequential extraction technique
(1) Step 1 Easily, freely or leachable and exchangeable (EFLE). About 10 g of sample was mixed with 50 ml 1.0 M ammonium acetate (NH 4 CHCOO), pH 7.0 at room temperature and shaken continuously for 3 h. (2) Step 2 Acid reducible. The residue from step 1 was again mixed with 50 ml 0.25 M hydroxyl-ammonium chloride (NH 2 OH·HCl) acidified HCl to pH 2.0 at room temperature and shaken for 3 h. (3) Step 3 Oxidizable organic. Residue from phase 2 was oxidized with 15 ml 30% H 2 O 2 in a 95 °C water bath to free metals from organic complexes. After cooling, it was then mixed with 50 ml 1.0 M ammonium acetate (NH4CH3OO) acidified to pH 2.0 and shaken continuously for 3 h at room temperature. (4) Step 4 Resistant. The residue from step 3 was then digested as described in total digestion of metals above (Badri and Aston 1983; Tessier and Campbell 1987) .
Twenty millilitres of DDW was used throughout, to wash residue from each fraction, and the residues were weighed before subsequent extraction. Whatman No. 1 filter paper was used for filtration throughout the extraction, and the filtrates from the four phases were analysed using air-acetylene flame atomic absorption spectrophotometer (Analyst 800 model, Perkin Elmer), to determine the concentration of the metals. The procedure for sequential extraction is summarized in Fig. 2 .
Total organic matter
Total organic matter (TOM) was estimated using the loss on ignition method (LOI). This method was selected based on the fact that it is relatively simple, less labour intensive and cost effective (Barillé-Boyer et al. 2003; Wang et al. 2013) .
Grain size
Grain size was equally determined from the sediment, which is believed to affect sediment entrainment, provides transport and depositional history (Maslennikova et al. 2012) . Skaggs et al. (2001) pipette method for soil texture determination was adopted, and classification of sediment was done using the United States Department for Agriculture (USDA) procedure.
Risk assessment code (RAC)
The risk assessment code is defined as the fraction of metals exchangeable and/or associated with carbonate, Fraction 1 and 2 of sequential extraction procedure. The binding strength of heavy metals determines their bioavailability and the risk that their presence in aquatic systems may pose (Ghrefat and Yusuf 2006; González et al. 2013; Karak and Bhattacharyya 2010; Liu et al. 2011; Nemati et al. 2011) . Table 1 gives the criteria for determining risk assessment code.
Geoaccumulation index (I geo )
The geoaccumulation index was first developed by Muller (1969) to define and evaluate contamination in sediments through comparison of current concentration of metals to that of unpolluted or preindustrial time. In situation where there is no availability of data in the area of study preindustrial, the use of global average shale as proposed by Turekian and Wedepohl (1961) has been used as standard for reference. Geoaccumulation of metals is therefore obtained via the use of the formula:
where I geo = geoaccumulation, C n = concentration of the metal, 1.5 = correction factor used for possible variation in Contamination level according to I geo is classified between 1 and 6 (I geo ≤ 0 = unpolluted, I geo < 1 unpolluted to moderately polluted, I geo < 2 = moderately polluted, I geo < 3 moderately to strongly polluted, I geo < 4 strongly polluted, I geo < 5 strongly to very strongly polluted, I geo > 5 very strongly polluted) (Çevik et al. 2009 ).
Contamination factor (CF)
Contamination factor is expressed as the ratio of the concentration of metal analysed to the background value in the sediment. The background values for Cd, Cu, Pb, Zn and Ni employed in this study were 0.30, 45, 20, 95 and 68, respectively, from average shale as reported by (Turekian and Wedepohl 1961) .
When CF < 1 = Low contamination, 1 < CF < 3 = Moderate contamination, 3 < CF < 6 = Considerable contamination, CF > 6 = Very high contamination.
where CF n , C n and B n represent concentration factor, concentration and background of a metal (n), respectively. Tomlinson et al. (1980) proposed the method, where the relative contamination factors of a particular heavy metal are estimated geometrically. It is an integrated tool that gives an assessment of extent of pollution of a metal or a number of metals at a particular study area. The index provides comparatively simple means of assessing the pollution level of heavy metals (Cabrera et al. 1999) .
Pollution load index (PLI)
When PLI = 1, it suggests that there is no pollution PLI > 1 suggests that the area is polluted (Cabrera et al. 1999 ).
where CF = contamination factors and n = number of metals.
Quality control
All glass wares and polyethylene bottles were soaked in acid wash containing 10% HCl and HNO 3 for between 24 and 48 h before rinsing with double-distilled water. Blank solution was prepared in each batch of the experiment to put the reading of the machine at zero and also to ensure that there was no contamination in the process.
Accuracy and precision of the experimental method was also checked via quality control curves generated when standard solutions of each metal were prepared from 1000 mg/L (BDH Spectrosol ® ) stock solution, and multiple-level calibration standard was established.
Certified reference material (Soil-5) obtained from International Atomic Energy Agency, Vienna, Austria, was further used to validate the quality of the experiment. See Table 2 . 
Multivariate statistical analysis
Statistical analysis was conducted using SPSS version 22. Kruskal-Wallis' nonparametric tests were used to determine the significance or otherwise, of metals as the data failed to satisfy the test of normality. Discriminant and principal component analyses were equally conducted. The purpose of using principal component analysis (PCA) is to reduce a wide range of data and the effects of variables through extraction of small number of latent factors (Zhou et al. 2014) to elucidate relationship and determine a possibility of common source of heavy metals as well as other variables (Yongming et al. 2006; Kadhum et al. 2015) . PCA has been described as common and powerful multivariate analysis used in analysing data related to environmental studies (Qishlaqi and Moore 2007; Yongming et al. 2006) .
Results and discussion
Total metal concentration
Total metal concentration for Cd, Cu, Pb, Zn and Ni from the 5 selected sites was in the range: (1.47 ± 0.04-0.53 ± 0.01), (202.34 ± 3.86-86.32 ± 1.55), (225.47 ± 7.30-95 .19 ± 2.54), ( 6 5 0 . 8 2 ± 1 1 . 4 3 -4 0 5 . 3 9 ± 7 . 6 7 ) a n d (226 ± 6.35-114.67 ± 1.20) µg/g, respectively. Concentrations of metals in fractions are shown in Fig. 3 . For most of the metals, F1 has the lowest percentages, followed by F2 and F3 interchangeably. F4 seemed to be higher than each of the three individual fractions, which means there are considerable heavy metals from the natural origin in the surface sediment of Sungai Puloh. This high concentration of metals F4 (residual fraction) might be due to geological weathering (Ahmadi et al. 2017; Swati and Hait 2017) , even more so because the study sites are in mangrove areas. The metals in this fraction are said to be non-bioavailable because they are bound to crystal lattice and therefore not readily available (Abd El-Azim and El-Moselhy 2005). The other three fractions combined make up the bioavailable (mobile) fractions (F1 + F2 + F3) whose sources are anthropogenic. These fractions are readily available on a slight change in physico-chemical state of sediment and are therefore the most significant in terms of potential risks pose to the aquatic organisms and human in general (Passos et al. 2010) . The high percentage in the three fractions indicated high level of anthropogenic activities which might have resulted to the elevated level of heavy metal pollution.
Sequential metal extraction
These anthropogenic activities could be industrialization, intense agricultural activities through fertilizer and pesticides application, numerous manufacturing plants of iron & steel in operation, presence of several workshops and automobile scraps, recreational centres in the area, as well as fishing and other domestic activities (Yuswir et al. 2015) . Jalan Kapar has some of its rivers and small water bodies running from the nearby Klang town. Port Klang has been known for waste discharges, some of which are carried by the water bodies through Sungai Puloh. Also in Port Klang, an oil/electrical power-based plant was sited. The waste generated from the power plant might be transported to the surrounding waterways as reported by (Zulkifli et al. 2010 ) that the main anthropogenic sources of Cd, Cu, Pb, Zn and Ni around these areas are agriculture related, industrial activities, transportation as well as the presence of coalpowered plant. Cd was reported in several places to have originated from several industrial settings, mining, burning of fossil fuels, waste recycling, cement manufacturing as well as paper and glass production (Tavakoly et al. 2013) . It is also believed that atmospheric deposition, river flows and terrestrial runoffs, which are important routes of metal deposition, could have contributed to elevated concentration of Cd (Ahmadi et al. 2017 ). In addition to many of the abovementioned sources of heavy metals, Zn and Cu are likely to have come from abrasion, vehicular emission and corrosion of metallic scraps from cars as well as lubricants from workshops and other sources. Organic herbicides, insecticides (lead arsenate), pesticides and fertilizers applied are part of the anthropogenic sources of metals that find their ways to rivers and eventually end up in the coastal and estuarine environment (Tavakoly et al. 2013 ).
Organic matter and grain size
The loss on ignition has shown the percentage of organic matter to as high as 38.45-46.90%. This study showed some significant variations from several other studies conducted in many parts of Malaysia. The high level of organic matter may not be unconnected to the fact that Sungai Puloh is in the mangrove environment, which is regarded as one of the most productive ecological habitat with so much physical and biochemical activities taking place due to its abundant diversity of plants, animals, micro-and macro-benthic organisms (Udechukwu et al. 2015) . Idriss and Ahmad (2013) reported 16.20-7.10% of organic matter at Penang, and 2.8-0.1 by Ahmad et al. (2009) at Kelantan. The result is almost similar to a study conducted in Russia by Maslennikova et al. (2012) , where 50-33% of organic matter was observed. Organic matter may either be allochthonous (origin from land) or autochthonous (origin from river or sea). High organic matter content has also been attributed to the rich composition of litter from trees deposits and subsurface root growth as well as epiphytic, benthic microalgae, macroalgae and other riverine materials (Marchand et al. 2011 ). Organic matter is therefore influenced by the productivity and oxygen availability, grain size, water depth, sedimentation and transport of surface water (Sreekanth et al. 2015) . Grain size analysis revealed that 50% of the sediment is clay, 30-35% silt and only about 5-15% of sand was recorded. The amount of clay particles observed supported the theory that estuarine sediment is often characterized by high clay content with ratio constantly in alteration as a result of spatial changes via processes such as abrasion, selective transport and introduction of locally produced sedimentary particles (Barillé-Boyer et al. 2003; Gao and Collins 1994) .
Correlation between heavy metals, organic matter and grain size is shown in Table 4 . Both positive and negative correlations have been observed, indicating lack of clear pattern in their relationship and position, suggesting difference in source and origin. Heavy metals and organic matter in this study showed an unusual correlation, keeping in mind that correlation between organic matter and heavy metals is usually strong and positive, depending on the type of sediment, chemical composition of heavy metals and probably the sources. This therefore may require a re-evaluation of organic matter through a more reliable method for better assessment. Sreekanth et al. (2015) found no correlation between organic matter and Zn and therefore suggested that Zn incorporated in organic matter could have been released during subsurface decay while settling through the water column.
Organic matter has generally shown a negative correlation with metals and the sediment particles except silt. Sungai Puloh, being a mangrove area, might have its bulk of organic matter coming from the litter of vegetation, dead trees, roots and leaves.
Discriminant analysis of the dependent variable, heavy metals, reveals variations within the 5 sites of study. Here, the heavy metal concentrations were entered as the independent variables, while the study sites were entered as the grouping variables. The canonical correlation and Wilks' Lambda from the discriminant analysis were obtained in the range 0.860-0.993 and 0.000-0.260, respectively. The interpretation is that the larger the canonical correlation, the greater the between group variations. Also, the larger the Wilks' Lambda statistical value, the greater the within group variation (Tables 4 and 5) .
Although the discriminant analysis has shown that variations do exist in the concentration of heavy metals from one site to another, Kruskal-Wallis tests were conducted and the concentration of heavy metals in sediment revealed significant difference (P < 0.05). Between sites 1 & 2, all metals were found to be significantly different (P < 0.05), except Pb (P > 0.05). Sites 1 & 3, Cu and Pb were not significantly different (P > 0.05), while the rest were significantly different (P < 0.05). For sites 1 & 4, 1 & 5, all metals were significantly different (P < 0.05) except Zn and Ni which were found not to be significantly different (P > 0.05). 
Principal component analysis
Three components (Factors F1, F2 and F3) were extracted, accounting for 80.04% of the total variance. The first factor, F1, is dominated by sand and all the metals (Cd, Cu. Pb, Zn and Ni), accounting for 40.95% of the total variance. F2 was dominated by OM, clay, Cd, Cu and Zn accounting for 23.94% of the total variance, and F3 was dominated by clay, silt, and Cu accounting for 15.15% of the total variance. Table 6 and Fig. 4 are the result of PCA in tabular form as well as 3-D representation of components generated by rotated matrix. The association between sand and heavy metals in Factor 1 may suggest long history of deposition of these metals. Sand is believed to be better in giving account for contaminants depositional history because of its ability to resist being moved by water current or any slight disturbance in the water environment. The lack of strong correlation between OM and heavy metals may be attributed to OM being mostly from natural origin, and if the source of heavy metals is natural, then the OM may have been released during subsurface decay while settling through the water column (Sreekanth et al. 2015) .
Risk assessment code (RAC)
The risk assessment code was determined by combining the first and second fractions in percentage (F1 + F2) % to infer the level of risk posed by the selected individual metals to the fauna in and around Sungai Puloh. The range of values obtained for Cd, Cu, Pb, Zn and Ni is as follows: 12. 93-40.00, 28.50-53.27, 36.82-57.55, 39.93-42.56 and 32.16-46.20%, respectively . Over all, the lowest value recorded was 12.93% for Cd at S5 which falls under the category of medium risk, RAC = 11-30%. The highest value was found to be 57.55% for Pb at S5 and is classified as very high risk, RAC > 50%. Two nonessential metals (Cd and Pb) were found to be in higher risk category than the rest. Jaishankar et al. (2014) posited that nonessential metals are extremely toxic and possess no biological function and therefore must be regulated.
Geoaccumulation index (I geo )
The following are range of values of geoaccumulation index obtained: 0.2-1.7, 0.8-1.6, 1.6-2.9, 1.5-2.2 and 0.1-1.1 for Cd, Cu, Pb, Zn and Ni, respectively. Pb has the highest accumulation index as shown in Fig. 5 . Zn demonstrates the next highest value of the geoaccumulation index, followed by Cd and Cu. The lowest value of the geoaccumulation index is for Ni. Although Cd was low at site 1, Ni was lowest at site 4. Cd and Cu were therefore unpolluted at site and moderately polluted at the rest (I geo < 1, I geo < 2). Pb and Zn were moderately to strongly polluted (I geo < 2, I geo < 3). Ni was mostly unpolluted (I geo < 1) except in sites 1 and 3 (I geo < 2). There is general similarity in the source and origin of waste deposited in almost all sites.
Concentration factor (CF)
The result obtained from contamination factor followed similar trend to geoaccumulation index and RAC with some appreciable consistency. From Table 6 , it can be seen that Pb has very high contamination values in all sites (CF > 6) except site 4 (3 < CF < 6). Considerable contamination for Zn was observed at sites 1, 2 and 4, while very high contamination at sites 3 and 5 was recorded. Contamination for Cd was considerable as well and only moderate at site 1. Pb and Zn have consistently shown high contamination and pollution level all through the assessment.
Pollution load index
From the result obtained in pollution load index assessment, all the study sites may be considered as polluted (PLI > 1). The values were all slightly above 1 as seen in Table 6 . Pb is an additive that is widely used, and they are widely found as important component of glasses (Rus et al. 2014; Udechukwu et al. 2015) . It is found in discarded car radiators, plumbing with leaded pipes, paints and cosmetics made of lead and many others. Lead sources in the environment are innumerable (Hernberg 2000) . These sources are all commonly found in Sungai Puloh and surrounding. Zinc pollution may come from many sources as well. Activities related to metal production, waste incineration, fossil fuel combustion, phosphate fertilizer and cement production, galvanized parts and railings, and brake linings could increase Zn loading in the environment (Councell et al. 2004 ). High Cd contamination may be attributed to tobacco smoking, mining and smelting, manufacturing, application of fertilizer, used batteries etc. Cd is regarded as by-product of Zn; therefore, more production of Zn means more production of Cd indirectly (Jaishankar et al. 2014) . Copper pollution and contamination are equally as a result of wide range of activities around Sungai Puloh. Cu has a wide range of uses in manufacturing of electrical wiring and electroplating. It is used in alloys, tools, coins and jewellery. It is used in making food and beverages containers, and automobiles' brake pad (Shrivastava 2009 ). Nickel was seen to be less contaminant and therefore has the least pollution statues in Sungai Puloh. Although it is equally used in food and chemical processing industries and in the production of stainless steels, its contamination was moderate in all sites.
Conclusion
The study has revealed the presence of contaminants from both anthropogenic and natural sources. Heavy metals in Sungai Puloh may pose some considerable risk to the organisms in the aquatic environment, and ultimately to human if left checked. Risk assessment, geoaccumulation index, contamination factor and pollution load index suggest that Sungai Puloh is significantly polluted. Concentration, correlation, behaviour and distribution of heavy metals exhibited differing characteristics and therefore indicated that some complex form of relationship with no clear-cut pattern exists, perhaps due to varying sources of metals and factors affecting them. Although there is high level of organic matter and the bulk of the sediment is clay which has strong capacity to retain large amount of heavy metals due to large surface area-to-volume ratio, there seems to be limited interaction between metals, organic matter and grain size. The high concentration of industries in and around Sungai Puloh and the numerous agricultural activities are largely responsible for the pollution of the river. Further research in this particular area is highly recommended given the economic importance of the area, and for the safety of both aquatic inhabitants and human.
